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Alteration in morphological features of Puntius javanicus liver exposed to 
copper sulfate
Abstract
The environmental toxicants such as copper are known to affect vital organ especially liver. 
This study examined the effects of copper sulfate (CuSO4) on the liver morphological structure 
of P. javanicus. The untreated control, 0.1 and 0.3 mg/L CuSO4 treated groups displayed normal 
polygonal structure of the hepatocyte. However, at the concentrations of 0.5, 1.0 and 5.0 mg/L 
CuSO4, the hepatostructure was significantly affected, as shown by the increasing number of 
dilation and congestion of sinusoids, vacuolation, macrophage activities and peliosis. The 
damage level and HSI value were increased while the number of hepatic nuclei per mm2 was 
decreased with the increasing of copper concentration. In conclusion, this study shows that the 
degree of liver damage in P.javanicus is dependent to the dose exposure.
Introduction
Copper (Cu) is widely used to manufacture 
products such as pesticides, fertilizers, piping, 
electrical and electronic components However, the 
uncontrolled release of Cu-containing compounds 
into the water bodies may negatively affect aquatic 
organisms. Prolonged and continuous exposure may 
caused the elevation of internal  Cu concentration 
that lead to impairment of biological activities such 
as enzyme inhibition, ion homeostasis imbalance and 
retardation of cell development (Peña et al., 1999; 
Gaetke and Chow, 2003; Saluja and Kumar, 2005; 
Langley and Dameron, 2013; Sabullah et al., 2015a). 
In addition, elevated level of Cu exposure was shown 
to decrease hemoglobin and heamatocrit levels for 
organism such as pigs and sheep (Kline et al., 1971) 
. In trace amounts, Cu is essential  for the regulation 
of body metabolism such as for the stabilization of 
human ceruloplasmin, thermal, redox reaction and 
respiration (Miranda et al., 2000; Tapiero et al., 
2003; Sedlák et al., 2008). However, it can be toxic at 
higher concentrations that may lead to the inhibition 
of several biochemical reactions and alteration of 
liver morphology (Ali et al., 2003; Sarnowski and 
Witeska, 2008; Ajani and Akpoilih, 2010; Tilton et 
al., 2011; Lauer et al., 2012).
The morphological alterations in the liver of 
Cu-exposed fish varies throughout the available 
literature (Stephensen et al., 2000; Varanka et al., 
2001; Figueiredo-Fernandes et al., 2007; Liu et al., 
2010). Monitoring these morphological changes is an 
alternative way that is considered to be effective and 
sensitive in evaluation of the effects of Cu exposure 
since the variability of cellular responses are related to 
the concentration and exposure duration (Campagna 
et al., 2008). Liver has multiple functions such as its 
involvement in the metabolism of glycogen, proteins 
and vitamins; as a primary target for accumulation 
of xenobiotic compounds prior to detoxification and 
neutralization of toxins to nontoxic form or eliminated 
through macrophage or degraded by biochemical 
reaction of the enzyme (Cao et al., 2013; Shin et 
al., 2013). Cu toxicity leads to the increasing level 
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of reactive oxygen species (ROS; H2O2 and •OH), 
lipid peroxidation, enzyme inhibition (cholinesterase 
and glutathione S-transferase) and induces apoptotic 
factors (BAX and caspase) associated with DNA 
damage and development of apoptosis and necrotic 
cell (Santra et al., 2000; Manzl et al., 2004; Faix 
et al., 2005; Valko et al., 2006; Yu et al., 2008; 
Letelier et al., 2010; Tilton et al., 2011, Sabullah 
et al., 2014, Sabullah et al., 2015b). Therefore, 
morphological changes are proven useful not only 
as biomarker of the presence of toxicant, but also 
in the evaluation of fish health status. Hence, in this 
study, Puntius javanicus was selected as a test model 
for the evaluation of Cu exposure effect(s) on its 
liver morphology. This freshwater fish species was 
selected due to its potential commercial value, health 
benefits and regular consumption in the diet of local 
Orang Asli (native tribe) and villager community. 
Materials and Methods
Specimen and sample preparation
Live P. javanicus samples were purchased from 
the Aquaculture Development Center, Bukit Tinggi, 
Pahang, Malaysia. Fish specimens weighing between 
400-500 g were randomly separated into six groups 
of nine fish each. Acclimatization was carried out in 
80 L of chlorine-free water with full aeration for 15 
days. Water pH, temperature and a 12 hours (light: 
dark) photoperiod were replicated in the laboratory to 
mimic P. javanicus natural habitat conditions. At the 
end of the acclimatization period, each group of fish 
was separately exposed to different concentration of 
copper sulfate (Acros Organic,UK); CuSO4 (0.1, 0.3, 
0.5, 1.0 and 5.0 mg/L) for 96 hours except for the 
first group which was assigned as an experimental 
control. The fish was then humanely killed and the 
liver was dissected out and weighed to measure the 
hepatossomatic index (HSI). This was immediately 
followed by sectioning of the liver into approximately 
1mm3 slices. Primary fixation was performed by 
immersing the sample in 4% of glutaraldehyde (Fisher 
BioReagents, UK) for 24 hours at 4oC. Samples were 
then washed three times with 10 minutes immersion 
in 0.1M sodium cacodylate buffer (Sigma-Aldrich, 
USA). One percent of osmium tetroxide (Sigma-
Aldrich, USA) was used for two hours of post 
fixation of the samples then washed another three 
times with 0.1M sodium cacodylate for 10 minutes. 
The samples were dehydrated in ascending series 
of acetone (JT-Baker, USA) and embedded in resin, 
encapsulated then polymerized in the oven for 48 
hours at 60oC. The thick section was cut to 1µm 
using an ultramicrotome then stained with toluidine 
blue (TB) (Merck, Germany). The section was dried 
on the hotplate then washed to remove the stain. The 
sections were examined under a light microscope 
(Leica DMRA II) and the selected areas were 
photographed.The amount of hepatocytes nucleus 
per mm2 of hepatic tissue was obtained according 
to Figueiredo-Fernandes et al.,  (2007) without 
calculating the cells present in sinusoids.
Statistical analysis
The data reported in the Table 1 were averages 
of triplicate observations. The data were subjected 
to One-Way Analysis of Variance (ANOVA) and 
Tukey post-hoc analyses were carried out to further 
determine their differences. All of statistical analyses 
in this study were performed using GraphPad 
Prism version 5.0 (GraphPad Software, California, 
USA [http://www.graphpad.com/]). A significant 
Table 1. Hepatossomatic index (HSI) and number of hepatocyte nucleus per mm2 of 
hepatic tissue (Hepat. nucl/mm2) measured in P. javanicus exposed to different CuSO4 
concentrations for 96 hours
Similar superscript letter with control indicates no significant difference (p>0.05)
*: Slightly significantly different between treatment and control (p<0.05)
**: Strongly significantly different between treatment and control (p<0.01)
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difference was considered at the level of p<0.05.
Results
At the end of 96 hours of Cu exposure, all of the 
fish were still alive, though a decrease in swimming 
performance at 1 and 5 mg/L of CuSO4 concentration 
was observed. P. javanicus liver morphology from 
control and treated fish groups are shown in Figure 
1. In the control (Figure 1a), 0.1 and 0.3 mg/L 
groups, the hepatocyte displayed a normal structure 
without any cellular impairment, with presenting 
a homogenous cytoplasm and identical spherical 
nucleus and  several bile canaliculi was also observed. 
Compared to the control, 0.1 mg/L treatment shows 
the presence of dilated longitudinal and cross section 
of sinusoids (Figure 1b) while 0.3 mg/L treatment 
displayed the increasing number of pyknotic cell 
along with congested sinusoids by red blood cell 
(Figure 1c). At the exposure concentration of 0.5 
mg/L, the abnormal hepatocyte was visualized with 
an increasing vacuolation of cytoplasm, congestion 
of sinusoids, necrosis, apoptotic cell and macrophage 
activity (Figure 1d). Hepatocytehyalinization 
and binucleation was visualized at treatment 
concentration of 1 mg/L (Figure 1e). 1 mg/L and 5 
mg/L treatment show peliosis between the hepatocyte 
and the increasing number of macrophage activities 
(Figure 1e and 1f). This study shows the beginning 
of programmed cell death at 0.5 mg/L treatment and 
increasing number of hepatocellular abnormalities 
associated with increasing concentration of CuSO4 
exposure. The number of hepatocytes nucleus per 
mm2 of P. javanicus hepatic tissues were decreased 
Figure 1. Light micrograph of section images of P. javanicus liver which are 
the representative for control and different concentrations of CuSO4 treatment. 
a) Control. Observed the normal polygonal structure of hepatocyte: 20x, b) 
0.1 mg/L. Increase in sinusoidal spaces: 20x, c) 0.3mg/L. Increasing number 
of congested sinusoids. Note the presence of pyknotic cell and abnormal 
sinusoid: 20x, d) 0.5mg/L. The present of vacuolation, necrotic area and 
macrophage activity: 20x, e) The accumulation of red blood cells. Note 
the hyalinization of hepatocyte: 20x, f) The increasing accumulation of red 
blood cells: 10x. N, Nucleus; S, Normal sinusoid; SN, Abnormal sinusoid; 
BC, Bile canaliculi; PC, Pyknotic cell; A, Apoptotic cell; M, Macrophage; 
Box area, Necrotic area; V, Vacuolation; Arrowhead, binucleaition; Hy, 
Hyalinization; Pe, Peliosis. TB stained
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while HSI values were increased with the increasing 
of CuSO4 concentration (Table 1).
Discussion
Similar fish liver morphological alterations due 
to Cu exposure were observed by previous authors 
(Rojik et al., 1983; Liu et al., 2010; Ajani and 
Akpoilih, 2010) such as the formation of pyknosis 
cell, necrosis, inflammation and loss of shape, size 
and number of nuclei of hepatocyte (Deore and 
Wagh,  2012). Usually, at the beginning of the toxicity 
duration effect especially at the lower concentrations 
of toxicant, the affected hepatocyte will undergo 
vacuolation as reported by Ajani and Akpoilih 
(2010), Kaoud et al. (2012), Rakhi et al., (2013) and 
Younis et al. (2013). Hepatocyte vacuolation occur 
due to the metabolic disorder caused by imbalanced 
synthesis and release of the substances from the 
parenchyma cells, disturbance of protein synthesis, 
energy reduction, disaggregation of microtubules and 
alteration in substrate usage which disrupt vesicle 
movement and result indeposition of secretion 
products (Gingerich, 1982; Hinton and Laurén, 1990; 
Ribeiro et al., 2005). The lipid-filled vacuoles may 
contain substances such as glycogen and degenerative 
organelles especially mitochondria (Narayana 
and Al-Bader, 2011). Hepatocyte vacuolation was 
commonly observed in other fish studies and is an 
early morphological biomarker of toxicant exposure, 
especially exposure to metals (Fernandez et al., 2012; 
Mela et al., 2013). A review by Henics and Wheatley 
(1999) mentioned that vacuolation is reversible at 
low toxicant concentrations, though it requires time 
to return to their normal state but it tends to become 
irreversible at the high toxicant concentrations which 
may lead to cell death. In this study, vacuolation 
along with the sinusoids congestion, hyalinization, 
macrophage activity, apoptosis and necrosis are 
observed with the increasing concentration of CuSO4 
treatments.
Hyalinization also called hyaline droplet, is a 
side effect of vacuolization which is more towards 
the inhibition of protein synthesis in parenchyma 
cell (Van Dyk et al., 2007). Additionally, protein 
absorption forms are normally connected with metal 
toxicity. Macrophage aggregation in hepatocyte due 
to heavy metals exposure such as cadmium (Younis et 
al., 2013), gold nanoparticle (Sadauskas et al., 2007; 
Abdelhalim and Jarrar, 2012) and Cu (Al-Bairutya 
et al., 2013) has been reported. Kupffer cells are 
related to the monocyte-macrophage system which 
play an important role in hepatic immune response, 
“filtration” or specifically in removal of dead cell and 
cellular debris (Naito et al., 2004; Sadauskas et al., 
2007). There is a presence of large blood cysts (so 
called peliosis) whereby its morphological pattern has 
been divided into two (Yanoff and Rawson, 1964): 
(1) phlebectatic type, in which large blood cysts 
are lined by endothelial cells, and (2) parenchymal 
type, in which the blood-filled spaces are not lined 
by endothelial cells  associated with hemorrhagic 
parenchymal necrosis. Figure 1e and 1f shows the 
phlebectatic type peliosis as a result of excessive 
dilatation of single sinusoids or central vein.
Previous studies have mentioned the increasing 
number of hepatossomatic index (HSI) in the 
liver of species such as Myoxocephalus scorpius 
(Stephensen et al., 2000) and Oreochromis niloticus 
(Figueiredo-Fernandes et al., 2007) exposed to 
contaminants. Paris-Palacios et al. (2000) reported 
that the exposure of CuSO4 affected the nucleus size 
of Brachydanio rerio hepatocyte. This study also 
shows that the decreasing number of Hepat. Nucl. /
mm2 is related to the increasing activity of deleterious 
effect through apoptosis and necrosis. However, 
the changes observed depend on the exposure to 
different kinds of heavy metals, such as chromium 
(Mishra and Mohanty, 2009), cadmium (Hirano 
et al., 1991; Thophon et al., 2004), zinc (Abdel-
Warith et al., 2011),  lead (Franchini  et al., 1991) 
and arsenic (Straub et al., 2007) and other pollutant 
such as pesticides (Dezfuli et al., 2006; Abd-Algadir 
et al., 2011), drugs (Moutou et al., 1997), surfactant 
(Kumar et al., 2007) and nitrosamine (Braunbeck 
et al., 1992). This proves that Cu is not only an 
inducer of hepatocyte abnormalities but the degree of 
alteration also depends on its interaction with other 
accumulated toxic metals. Campagna et al. (2008) 
reported that the elevated level of Cu may caused 
irreversible effects on hepatocyte morphology. This 
deleterious effect of Cu toxicity may subsequently 
lead to inhibition of the interconversion of foodstuff 
and storage, impairment of absorption and excretion 
of waste product and complete imbalance of 
homeostatic control and cell rejuvenation.
In conclusion, we have observe  the morphological 
alterations of P. javanicus hepatocyte by Cu were 
dependent on the dose of exposure. P. javanicus liver 
model is proven as a reliable alternative indicator 
to evaluate any deleterious effects in the course of 
Cu toxicity. Future studies are needed to evaluate 
the exposure effect of Cu together with other heavy 
metals, pesticides and drugs on the P.javanicus liver 
model.
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